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I. Executive Summary

l. Executive Summary
A. Background

In May of 1993, the Environmental Protection Agency (EPA) introduced a draft Waste
Minimization and Combustion Strategy designed to encourage waste minimization and to ensure
that combustion of hazardous waste does not pose a threat to human health and the environment.
One of the key objectives of the strategy is to assess the risk to human health and the environment
from the burning of hazardous wastes and to determine whether additional or more stringent
emissions standards are needed. Three categories of sources that burn hazardous waste are
addressed here and in the proposed rule. They are

Incinerators, both commercial and on-site
- Cement Kilns
- Lightweight aggregate kilns.

The standards are being proposed under joint authority of the Clean Air Act and the Resource
Conservation and Recovery Act.

In coordination with other EPA Offices, the Technical Assessment Branch of the Office
of Solid Waste has developed a multipathway analysis to evaluate the health and ecological risks
associated with hazardous waste combustion and the reduction in risk achieved by the proposed
regulatory options. The chosen approach--multipathway risk analysis at sample facilities--builds
on recent EPA efforts to refine assessment of indirect exposures to hazardous pollutants and
better characterize the risk posed by dioxin-like compounds. The objective of the risk assessment
is to provide the best estimates possible of the risks to human health and the environment in
accordance with EPA’s risk characterization guidance (U.S. EPA, 1995b and d) and using the
most current exposure methodologies available.?

B. Methodology
1. General Method

This multiple pathway analysis focuses on the risks to human health resulting from direct
and indirect exposures to emissions from facilities that burn hazardous wastes. The analysis is
implemented by defining 12 exposure scenarios for dioxins and metals and calculating risk
estimates. The scenarios include farmers, fishers, and residents--both adults and children.
Multiple scenarios were used to assess the different levels of risk expected for the general

! The objective was not to perform a screening level analysis, which typically involves the use of simplifying and often
conservative assumptions.
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I. Executive Summary

population and special subpopulations. The methodology used in the risk analysis follows that
outlined in the Methodology for Assessing Health Risks Associated with Indirect Exposure to
Combustor Emissions (U.S. EPA, 1990b) and its Addendum (U.S. EPA, 1993a). The recent
Dioxin Reassessment (U.S. EPA, 1994b and c) provided a source of physical and chemical
properties and additional exposure methodology equations used in this analysis.

The risks are quantified using case studies of 11 hazardous-waste-burning facilities and
their site-specific land uses and environmental settings. The facilities selected for the case studies
were

- Four hazardous waste incinerators

- Five cement kilns that burn hazardous wastes

- Two lightweight aggregate kilns that burn hazardous wastes.
2. Pollutants Analyzed

The pollutants analyzed were congeners of dioxins and furans, selected metals, and
hydrogen chloride. The 17 dioxin and furan congeners selected were those for which 2,3,7,8-
tetrachlorodibenzo(p)dioxin toxicity equivalence factors (TCDD-TEFs) are available. The
congener-specific levels calculated in the media were adjusted by the 2,3,7,8-TCDD-TEF to
arrive at risk values for 2,3,7,8-tetrachlorodibenzo(p)dioxin-toxicity equivalents (TCDD-TEQ).
The congeners modeled are listed below:

- Dioxins

2,3,7,8 - Tetrachlorodibenzo(p)dioxin (TCDD)
1,2,3,7,8 - Pentachlorodibenzodioxin (PeCDD)
1,2,3,7,8,9 - Hexachlorodibenzodioxin (HxCDD)
1,2,3,4,7,8 - Hexachlorodibenzodioxin (HxCDD)
1,2,3,6,7,8 - Hexachlorodibenzodioxin (HxCDD)
1,2,3,4,6,7,8 - Heptachlorodibenzodioxin (HpCDD)
1,2,3,4,6,7,8,9 - Octachlorodibenzodioxin (OCDD)

- Furans
2,3,7,8 - Tetrachlorodibenzofuran (TCDF)
1,2,3,7,8 - Pentachlorodibenzofuran (PeCDF)
2,3,4,7,8 - Pentachlorodibenzofuran (PeCDF)
1,2,3,6,7,8 - Hexachlorodibenzofuran (HXxCDF)
2,3,4,6,7,8 - Hexachlorodibenzofuran (HxCDF)
1,2,3,4,7,8 - Hexachlorodibenzofuran (HXCDF)
1,2,3,7,8,9 - Hexachlorodibenzofuran (HXxCDF)
1,2,3,4,6,7,8 - Heptachlorodibenzofuran (HpCDF)
1,2,3,4,7,8,9 - Heptachlorodibenzofuran (HpCDF)
1,2,3,4,6,7,8,9 - Octachlorodibenzofuran (OCDF)
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I. Executive Summary

The 12 metals modeled in the analysis were:

Antimony Cadmium Selenium
Arsenic Chromium (Il & V1) Silver
Barium Lead Thallium
Beryllium Nickel

All constituents considered were modeled to arrive at oral and inhalation cancer and
noncancer risks if the appropriate health benchmarks were available.

a.

Inhalation and ingestion cancer risks were estimated for 2,3,7,8-TCDD-TEQ.
Breast milk concentrations of 2,3,7,8-TCDD-TEQ were also estimated to compare
to background levels in breast milk.

Inhalation cancer risks were estimated for arsenic, beryllium, cadmium, chromium
VI, and nickel.

Oral cancer risks were estimated for arsenic and beryllium.

Inhalation noncancer hazard quotients were estimated for barium and hydrogen
chloride.

Oral noncancer hazard quotients were estimated for antimony, arsenic, barium,
beryllium, cadmium, chromium Ill, chromium VI, nickel, selenium, silver, and
thallium.

Lead was modeled to soil concentration levels only, for comparison with a soil
lead level of concern of 400 ppm.

Pathways and Scenarios

Pathways

Figures 1.1 through 1.10 depict the pathways modeled in the analysis. The pathways by
which the populations were exposed included

Inhalation of pollutants in air (Figure 1.1)

Ingestion of contaminated soil (Figure 1.2)

Ingestion of contaminated produce (Figures 1.3 and 1.4)
Ingestion of contaminated beef (Figure 1.5)

Ingestion of contaminated milk (Figure 1.6)

Ingestion of contaminated pork (Figure 1.7)

Page 3



I. Executive Summary

- Ingestion of contaminated poultry (Figure 1.8)
- Ingestion of contaminated fish (Figure 1.9)
- Ingestion of contaminated drinking water (Figure 1.10).

Drinking water risks were evaluated if surface waterbodies were identified as sources of
drinking water in the area. Each individual was assumed to be exposed at some level via
all pathways. Modeling of the pathways varied between the scenarios based on

Levels of contamination - based on proximity to the facility
Fraction of what was consumed that was contaminated
Variations in consumption rates between adults and children
Increases in fish consumption rates for fishers.

b. Scenarios

Two types of scenarios were modeled, those that represented the general population and
those that addressed the exposures of special subpopulations. Figure 1.11 depicts the
scenarios modeled and serves as a key to each of the individual scenario figures that
follow.

The lifetime individual risk to the typically exposed individual in the general population
was estimated from air dispersion and deposition values that averaged the exposure within
20 kilometers of the facilities. The typical scenarios attempt to characterize what the
average person would be exposed to within the population of interest. The selection of
20 kilometers to represent the average level of exposure was based on the balance between
the exposures over a larger area which would represent a larger population but would be
at lower levels, and those over a smaller area, representing fewer but more highly exposed
individuals. The general population scenarios modeled were

- Typical Resident (Figure 1.12)
Typical Farmer (Figure 1.13)
- Typical Resident - Child (Figure 1.14).

Special subpopulations modeled included farmers and fishers as well as other groups
whose activities increased their exposures. Locations that were more highly impacted by
the facilities were identified through land use information and were used for estimating
the exposures of the special subpopulations. The special subpopulation scenarios modeled
were

Subsistence Beef Farmer (Figure 1.15)
Subsistence Dairy Farmer (Figure 1.16)
Subsistence Dairy Farmer - Child (Figure 1.17)
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I. Executive Summary

Subsistence Pork Farmer (Figure 1.18)
Subsistence Poultry Farmer (Figure 1.19)
Subsistence Fisher (Figure 1.20)
Recreational Fisher (Figure 1.21)

Home Gardener (Figure 1.22)

Home Gardener - Child (Figure 1.23).

Although the subsistence farmer scenarios (e.g., beef, dairy, pork, and poultry) assume
that essentially all of the corresponding animal commodities that are consumed are home
produced, only one type of animal is assumed to be raised in each scenario. Consumption
of the food obtained from that animal is assumed to be the same as that of the general
population. Similarly, essentially all of the fruits and vegetables that are consumed are
assumed to be homegrown in the subsistence farmer scenarios. Selected child scenarios
were modeled to highlight the child's increased consumption per body weight of soil,
fruits and vegetables, and milk.

For the fisher scenarios, essentially all of the fish consumed are assumed to be caught in
the local waterbody. Although the subsistence fisher is assumed to reside and fish in the
same watershed, the recreational fisher may reside anywhere within 20 kilometers of the
facility.
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Figure .11 Key for Scenario, Pathway, and Location Icons
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Figure 1.12 Typical Resident Scenario
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Figure 1.13 Typical Farmer Scenario
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Figure .14 Child of Typical Resident Scenario
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Location Pathway Scenario
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Figure .15 Subsistence Beef Farmer Scenario
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Location Pathway Scenario
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Figure 1.16 Subsistence Dairy Farmer Scenario
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Location Pathway Scenario
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Figure 1.17 Child of Subsistence Dairy Farmer Scenario
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Location Pathway Scenario
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Figure 1.18 Subsistence Pork Farmer Scenario
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Figure 1.19 Subsistence Poultry Farmer Scenario
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Location Pathway Scenario
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Figure 1.20 Subsistence Fisher Scenario
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Location Pathway Scenario
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Figure .21 Recreational Fisher Scenario
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Location Pathway Scenario
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Figure 1.22 Home Gardener Scenario
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Figure .23 Child of Home Gardener Scenario
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I. Executive Summary

C. Types of Estimates

All fate and transport and exposure variables were set to central tendency values (near
50th percentile) or best estimated values. To characterize high-end exposures for a given
population scenario, selected exposure variables were set to high-end (near 90th
percentile) values. In addition, for characterizing high-end exposures for the baseline,
emissions were also set to high-end values. By setting only a few variables to high end
it is more likely that the risks estimated will not be so high as to be unlikely to occur. The
exposure variables, which are varied between central tendency and high end, and their
values are presented in Table I.1.

Table 1.1 Central Tendency and High-End Exposure Parameter Values

Exposure Parameter Central Tendency High End Source

Exposure Duration

Child 6 years U.S. EPA (1990a)
Residents and Fishers 9 years 30 years U.S. EPA (1990a)
Farmers 20 years 40 years U.S. EPA (1994b)

(assumption)

Contaminated Fraction
(Farmers assumed to produce fruits and vegetables and one animal commodity)

Subsistence Farmers 1.0 Assumption
Typical Farmers U.S. EPA (1990a)
Dairy 0.40 0.75 (beef values assumed for
Beef, pork, or poultry 0.44 0.75 pork & poultry)
Vegetables 0.25 0.40
Home Gardeners 0.25 0.40 U.S. EPA (1990a)
d. Baseline Risk Estimates

Baseline risk estimates were developed to reflect estimates of the risks resulting from
current emissions levels. EPA provided stack gas emission concentrations that reflected
the central tendency and high end of values obtained from stack sampling for trial burns
and compliance tests (U.S. EPA, 1995f). The emissions estimates were classified by type
of device for the three types studied. Facility-specific volumetric flow rates and operating
hours were applied to the stack gas concentrations to arrive at the emission rates used in
the analysis. Nationally averaged central tendency and high-end emission estimates were
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I. Executive Summary

used to quantify the baseline risks. Dioxin and furan emission rates and fate and transport
values used in the analysis were congener-specific.

e. Proposed Regulatory Alternatives

Risk estimates were also developed for proposed regulatory alternative levels. These
levels are the proposed floor, for new and existing sources, and the proposed beyond the
floor (BTF) level, for new and existing sources (U.S. EPA, 1995g). EPA is also
requesting comment on alternative floor levels. The risks for these levels were also
calculated; those results are presented in Section IV, Risk Characterization. For the
proposed regulatory levels, the metal limit is set for a group of metals (grouped by
volatility). In the assessment, the limit on the group of metals was assumed to be the

h amount of each individual metal emitted. This assumption was made to find the maximum
risk for each individual metal. The regulatory alternative emission levels modeled are
z presented in Table 1.2.
m Table 1.2 Stack Gas Concentrations of Regulatory Alternative Levels Modeled
z Existing Sources New Sources
: Chemical Source MACT Beyond MACT Beyond
Floor the Floor Floor the Floor
u 2,3,7,8-TCDD-TEQ Incinerators 0.2/4.0 0.2 0.2/4.0 0.2
o (ng/dscm @ 7% O,) (Central Tendency/High End)
Cement kilns 0.2/1.4 0.2 0.2/1.4 0.2
a (Central Tendency/High End)
Lightweight aggregate kilns 0.2 0.2 0.2 0.2
m Hydrogen chloride Incinerators 96 96 97 25
- (PPMV @ 7% O,) Cement kilns 270 270 270 25
= Lightweight aggregate kilns 1400 210 36 25
: Semivolatile metals (ug/dscm @ 7% O,)
Cadmium Incinerators 120 120 120 35
u Lead Cement kilns 34 34 34 35
“ Lightweight aggregate kilns 7.4 7.4 4 35
4 Low-volatility metals (ug/dscm @ 7% 0,)
Antimony Incinerators 110 110 110 35
Arsenic
ﬁ Beryllium Cement kilns 67 67 26 26
n Chromium 111 & V1 Lightweight aggregate kilns 230 230 36 35
L
7))
=
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I. Executive Summary

4. Ecological Risk

Risks to freshwater aquatic organisms and associated wildlife were assessed by comparing
the estimated water concentrations of the contaminants in the waterbodies to National Ambient
Water Quality Criteria (NAWQC). The results of the comparison are expressed as hazard
quotients, which are the ratio of the contaminant water concentration to the NAWQC.

C. Results
1. Individual Risks

Central tendency and high-end individual risks for both cancer and noncancer effects are
estimated for oral exposures to dioxins and metals for the baseline for all three types of facilities.
For the maximum achievable control technology (MACT) regulatory alternatives, both central
tendency and high-end individual risks are estimated for cancer effects. However, for noncancer
effects, only central tendency estimates are provided.? In addition, for inhalation exposures,
individual risks are estimated separately for both cancer and noncancer effects for the most
exposed individual (MEI).3 The results tables present the range of risks over the facility types
and environmental settings by presenting the lowest and highest risk for each facility type and
exposure level (i.e., central tendency and high end).

a. Dioxins

Lifetime individual risk estimates exceeded 10 for many of the special subpopulations
for exposures to dioxin. Table 1.3 lists the range of lifetime individual risk estimates over
the subsistence scenarios modeled. Only the lightweight aggregate kilns, with low stack
emissions of dioxin compounds, showed maximum baseline risk estimates below 1 in a
million.

Because of the bioaccumulation potential of dioxin in tissue for the animals modeled, the
animal ingestion pathways were responsible for the risk estimates shown in Table 1.3.
Ingestion of beef, dairy, poultry, and fish all showed similar levels of risk for the
subsistence scenarios.

2 Only central tendency estimates are provided for noncancer effects because high-end estimates for noncancer effects
were made for only the typical farmer and home gardener scenarios (see Table 1.1) and the results differed little from
the central tendency estimates.

3 Inhalation risks are presented separately because the highest inhalation exposures generally occur at a different location
(e.g., residence) than do the highest oral exposures (e.g., a nearby farm).
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Table 1.3 Range of 2,3,7,8-TCDD-TEQ Ingestion
Individual Risk Results over Subsistence Scenarios

Central Tendency High End
Facility Type Low High Low High
Baseline
Incinerators 2E-9 2E-6 2E-7 9E-5
Cement kilns 1E-8 2E-6 4E-7 9E-5
Lightweight aggregate kilns 2E-9 3E-7 9E-9 4E-7
Proposed Floor - Existing and New Sources
Incinerators 3E-9 2E-6 1E-7 5E-5
Cement kilns 4E-9 1E-6 6E-8 2E-5
Lightweight aggregate kilns* 1E-8 2E-6 3E-8
Proposed BTF - Existing and New Sources
Incinerators™ 3E-9 2E-6 6E-9
Cement kilns 4E-9 1E-6 8E-9 2E-6
Lightweight aggregate kilns* 1E-8 2E-6 3E-8
* For the scenario that gave the highest risk (the Subsistence Dairy Farmer Child), there is no high-em

characterization (See Table 1.1).

The general population’s risk estimates were lower than those of the special
subpopulations. Presented in Table 1.4, the typical farmer’s risk estimates ranged up to
5 x 107 for the high-end baseline estimates. The risks were lower than the subsistence
scenario’s because the animal products ingested by the general population were modeled
as having a lower level of contamination (reflecting an average contamination level out to
20 kilometers from the sites) and because the fraction contaminated for the general
population was assumed to be lower than the fraction in the subsistence scenarios. The
typical resident's highest risks were similar to those of the typical farmer.

Inhalation risks for the maximally exposed individual remained below 107 for baseline
and the proposed regulatory alternatives (see Table 1.5).
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I. Executive Summary

Dioxin exposures to nursing infants through the breast milk pathway were compared to
similar exposures originating from background dioxin levels. Table 1.6 summarizes the
range of breast milk exposure ratios calculated over the subsistence scenarios. Exposures
over and above background levels are of concern because it is thought that adverse
impacts on developmental biology may be occurring at or within an order of magnitude
of current average background exposures (U.S. EPA, 1994b). Infants that are breast fed
are expected to be among the most highly exposed and most susceptible human

populations.
Table 1.4 Range of 2,3,7,8-TCDD-TEQ Ingestion
Individual Risk Results for Typical Farmer Scenario

—
z Facility Type Central Tendency High End
m Low High Low High
z Baseline
: Incinerators 2E-9 1E-8 1E-7 1E-6
u Cement kilns 1E-8 1E-7 4E-7 5E-6
o Lightweight aggregate kilns 1E-9 3E-9 3E-9 9E-9
n Proposed Floor - Existing and New Sources

Incinerators 2E-9 1E-8 7E-8 6E-7
m Cement kilns 4E-9 5E-8 6E-8 9E-7
> Lightweight aggregate kilns 6E-9 2E-8 1E-8 3E-8
E Proposed BTF - Existing and New Sources
u Incinerators 2E-9 1E-8 3E-9 3E-8
“ Cement kilns 4E-9 5E-8 8E-9 1E-7
4 Lightweight aggregate kilns 6E-9 2E-8 1E-8 3E-8
<
Q.
L
7))
=
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Table 1.5 Dioxin/Furan Inhalation Individual Risk Estimates
for the Maximally Exposed Individual

Central Tendency High End
Facility Type Low High Low High
Baseline
Incinerators 2E-9 6E-9 2E-7 8E-7
Cement kilns 1E-9 1E-8 7E-8 7E-7
Lightweight aggregate kilns 1E-9 2E-9 7E-9 1E-8
Proposed Floor - Existing and New Sources
Incinerators 2E-9 6E-9 1E-7 5E-7
Cement kilns 4E-10 4E-9 1E-8 1E-7
Lightweight aggregate kilns 5E-9 1E-8 3E-8 4E-8
Proposed BTF - Existing and New Sources
Incinerators 2E-9 6E-9 6E-9 2E-8
Cement kilns 4E-10 4E-9 2E-9 2E-8
Lightweight aggregate kilns 5E-9 1E-8 3E-8 4E-8
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Table 1.6 Ratio of Infant 2,3,7,8-TCDD-TEQ Exposure Through
Breastmilk to Background (50 pg/kg/d) Over All Subsistence Scenarios

Facility Type Central Tendency High End
Low High Low High
Baseline
Incinerators 0.00002 0.02 0.0008 0.6
Cement kilns 0.00006 0.08 0.0004 0.9
Lightweight aggregate kilns 0.00001 0.002 0.00001 0.003

Proposed Floor - Existing and New Sources

Incinerators 0.00002 0.02 0.0004 0.3
Cement kilns 0.00002 0.03 0.00007 0.2
Lightweight aggregate kilns 0.00006 0.008

Proposed BTF - Existing and New Sources

Incinerators 0.00002 0.02

Cement kilns 0.00002 0.03

Lightweight aggregate kilns 0.00006 0.008
b. Metals

The ranges of ingestion risks and hazard quotients calculated over the special
subpopulations are presented in Table I.7. Due to the way that the proposed levels are set
(U.S. EPA, 1995g) and the assumption that each metal is emitted at the limit for its
volatility group, risks often increase above the baseline levels for the regulatory options.
Baseline hazard quotients for those metals that do not have proposed regulatory levels are
presented in Table 1.8. Because consensus health benchmarks for lead were not available,
soil lead ratios are used to present the lead modeling results. The soil lead ratios are
presented in Table 1.9. Table 1.10 presents the inhalation hazard quotients for hydrogen
chloride emissions. Baseline hazard quotients only exceed 1 for the lightweight aggregate
kilns. With the proposed floor, the hazard quotient for the lightweight aggregate kilns is
lowered to 1. Inhalation risks for all metals remained below 107 for the baseline and the
regulatory alternative levels. Metal inhalation risks are presented in Table 1.11 for those
metals with proposed regulatory options, and Table 1.12 for those without.
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. Executive Summary

Table 1.7 Range of Metal Individual Ingestion Risk Estimates

over All Special Subpopulation Scenarios

Facility Type Central Tendency High End
Low High Low High
ANTIMONY
Baseline
Incinerators HQ =0 HQ = 0.005 HQ =0 HQ = 0.2
Cement kilns HQ=0 HQ=0 HQ =0 HQ = 0.004
Lightweight aggregate kilns HQ =0 HQ =0 HQ =0 HQ =0

Proposed Floor - Existing Sources

Incinerators HQ =10 HQ = 0.04
Cement kilns HQ =10 HQ = 0.003
Lightweight aggregate kilns HQ =0 HQ = 0.002

Alternative Floor - Existing Sources

Incinerators HQ =10 HQ = 0.009
Cement kilns HQ =10 HQ = 0.001
Lightweight aggregate kilns HQ =0 HQ =0

Proposed Floor - New Sources

Incinerators HQ =10 HQ = 0.04
Cement kilns HQ =10 HQ = 0.001
Lightweight aggregate kilns HQ =0 HQ =0

Proposed BTF - New Sources

Incinerators HQ =10 HQ = 0.01
Cement kilns HQ =10 HQ = 0.001
Lightweight aggregate kilns HQ =0 HQ =0

CEM Compliance Options - New Sources

Incinerators HQ =10 HQ = 0.03
Cement kilns HQ =10 HQ = 0.003
Lightweight aggregate kilns HQ =0 HQ = 0.001

NOTE: HQ = 0 indicates a hazard quotient less than 0.001.
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Table 1.7 (continued...)

Facility Type Central Tendency High End
Low High Low High
ARSENIC
Baseline
Incinerators 6E-11 / HQ=0 2E-7 / HQ=0.004 2E-9 / HQ=0 4E-6 / HQ=0.05
Cement kilns 3E-11 / HQ=0 3E-8 / HQ=0.001 | 7E-10/HQ=0 | 5E-7 / HQ=0.003
Lightweight aggregate kilns 3E-11 / HQ=0 4E-8 / HQ=0.001 | 8E-10/HQ=0 | 3E-7 / HQ=0.007
Proposed Floor - Existing Sources
Incinerators 1E-9 / HQ=0 4E-6 / HQ=0.09 4E-9 8E-6
Cement kilns 7E-10 / HQ=0 6E-7 / HQ=0.02 2E-9 2E-6
Lightweight aggregate kilns* 3E-9 / HQ=0 3E-6 / HQ=0.08 9E-9
Alternative Floor - Existing Sources
Incinerators 3E-10/HQ =0 | 9E-7/HQ = 0.02 1E-9 2E-6
Cement kilns 2E-10 /HQ =0 | 2E-7 / HQ = 0.007 7E-10 5E-7
Lightweight aggregate kilns* 4E-10/HQ =0 | 5E-7/HQ = 0.01 1E-9
Proposed Floor - New Sources
Incinerators 1E-9 / HQ=0 4E-6 / HQ=0.09 4E-9 8E-6
Cement kilns 3E-10 / HQ=0 2E-7 / HQ=0.009 1E-9 T7E-7
Lightweight aggregate kilns* 4E-10 / HQ=0 5E-7 / HQ=0.01 1E-9
Proposed BTF - New Sources
Incinerators 4E-10 / HQ=0 1E-6 / HQ=0.03 1E-9 3E-6
Cement kilns 3E-10 / HQ=0 2E-7 / HQ=0.009 1E-9 TE-7
Lightweight aggregate kilns* 4E-10 / HQ=0 4E-7 / HQ=0.01 2E-9
CEM Compliance Option - New Sources

Incinerators 1E-9 / HQ=0 3E-6 / HQ=0.06 3E-9 6E-6
Cement kilns 8E-10 / HQ=0 8E-7 / HQ=0.03 3E-9 2E-6
Lightweight aggregate kilns* 1E-9/HQ =0 1E-6 / HQ = 0.03 3E-9

NOTE: HQ = 0 indicates a hazard quotient less than 0.001.
* For the scenario that gave the highest risk for central tendency (the Subsistence Dairy Farmer Child), there is no high-end

characterization.
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Table 1.7 (continued...)

Facility Type Central Tendency High End
Low High Low High
BERYLLIUM?
Baseline
Incinerators 3E-11 / HQ=0 5E-9 / HQ=0 6E-10 / HQ=0 5E-8 / HQ=0
Cement kilns 5E-11 / HQ=0 2E-8 / HQ=0 6E-10 / HQ=0 1E-7 / HQ=0
Lightweight aggregate kilns 4E-11 / HQ=0 8E-9 / HQ=0 5E-10 / HQ=0 4E-8 / HQ=0

Proposed Floor - Existing Sources

Incinerators 8E-9 / HQ=0 1E-6 / HQ=0.001
Cement kilns 9E-9 / HQ=0 4E-6 / HQ=0.002
Lightweight aggregate kilns 2E-8 / HQ=0 4E-6 / HQ=0.002

Alternative Floor - Existing Sources

Incinerators 2E-9/HQ =0 3E-7/HQ =0
Cement kilns 3E-9/HQ =0 1E-6/HQ = 0.001
Lightweight aggregate kilns 3E-9/HQ =0 7E-7/HQ =0

Proposed Floor - New Sources

Incinerators 8E-9 / HQ=0 1E-6 / HQ=0.001
Cement kilns 4E-9 / HQ=0 2E-6 / HQ=0.001
Lightweight aggregate kilns 3E-9 / HQ=0 7E-7 / HQ=0

Proposed BTF - New Sources

Incinerators 2E-9 / HQ=0 4E-7 / HQ=0
Cement kilns 4E-9 / HQ=0 1E-6 / HQ=0.001
Lightweight aggregate kilns 3E-9 / HQ=0 6E-7 / HQ=0

CEM Compliance Option - New Sources

Incinerators 6E-9/HQ =0 9E-7/HQ =0
Cement kilns 1E-8 /HQ =0 5E-6 / HQ = 0.002
Lightweight aggregate kilns 8E-9/HQ =0 1E-6 / HQ = 0.001

NOTE: HQ = 0 indicates a hazard quotient less than 0.001. 2 High-end cancer risks for beryllium's MACT options were not
calculated because the majority of scenarios responsible for the highest risks were child scenarios, with no change in exposure
duration between central tendency and high end.
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Table 1.7 (continued...)

Facility Type Central Tendency High End
Low High Low High
CADMIUM
Baseline
Incinerators HQ =0 HQ = 0.001 HQ =0 HQ = 0.02
Cement kilns HQ =0 HQ = 0.001 HQ =0 HQ = 0.01
Lightweight aggregate kilns HQ =0 HQ =0 HQ =0 HQ = 0.003

Proposed Floor - Existing Sources

Incinerators HQ =10 HQ = 0.01
Cement kilns HQ =10 HQ = 0.004
Lightweight aggregate kilns HQ =0 HQ =0

Alternative Floor - Existing Sources

Incinerators HQ =10 HQ = 0.003
Cement kilns HQ =10 HQ = 0.01
Lightweight aggregate kilns HQ =0 HQ = 0.001

Proposed Floor - New Sources

Incinerators HQ = 0.001 HQ = 0.01
Cement kilns HQ =10 HQ = 0.004
Lightweight aggregate kilns HQ =0 HQ =0

Proposed BTF - New Sources

Incinerators HQ =10 HQ = 0.004
Cement kilns HQ =10 HQ = 0.005
Lightweight aggregate kilns HQ =0 HQ = 0.001

CEM Compliance Option - New Sources

Incinerators HQ =10 HQ = 0.004
Cement kilns HQ =10 HQ = 0.005
Lightweight aggregate kilns HQ =0 HQ = 0.001

NOTE: HQ =0 indicates a hazard quotient less than 0.001.
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Table 1.7 (continued...)

Facility Type Central Tendency High End
Low High Low High
CHROMIUM 11
Baseline
Incinerators HQ =0 HQ =0 HQ =0 HQ =0
Cement kilns HQ =10 HQ =10 HQ =10 HQ =10
Lightweight aggregate kilns HQ =0 HQ =0 HQ =0 HQ =0

Proposed Floor -

Existing Sources

Incinerators HQ =10 HQ =10
Cement kilns HQ =10 HQ =10
Lightweight aggregate kilns HQ =0 HQ =0

Alternative Floor - Existing Sources

Incinerators HQ =10 HQ =10
Cement kilns HQ =10 HQ =10
Lightweight aggregate kilns HQ =0 HQ =0

Proposed Floor

- New Sources

Incinerators HQ =10 HQ =10
Cement kilns HQ =10 HQ =10
Lightweight aggregate kilns HQ =0 HQ =0

Proposed BTF

- New Sources

Incinerators HQ =10 HQ =10
Cement kilns HQ =10 HQ =10
Lightweight aggregate kilns HQ =0 HQ =0

CEM Compliance O

ption - New Sources

Incinerators HQ =10 HQ =10
Cement kilns HQ =10 HQ =10
Lightweight aggregate kilns HQ =0 HQ =0

NOTE: HQ = 0 indicates a hazard quotient less than 0.001.

Page

39




-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

. Executive Summary

Table 1.7 (continued...)

Facility Type Central Tendency High End
Low High Low High
CHROMIUM VI
Baseline
Incinerators HQ =0 HQ =0 HQ =0 HQ = 0.001
Cement kilns HQ =10 HQ =10 HQ =10 HQ =10
Lightweight aggregate kilns HQ =0 HQ =0 HQ =0 HQ =0

Proposed Floor -

Existing Sources

Incinerators HQ =10 HQ = 0.003
Cement kilns HQ =10 HQ =10
Lightweight aggregate kilns HQ =0 HQ = 0.001

Alternative Floor - Existing Sources

Incinerators HQ =10 HQ = 0.001
Cement kilns HQ =10 HQ =10
Lightweight aggregate kilns HQ =0 HQ =0

Proposed Floor

- New Sources

Incinerators HQ =10 HQ = 0.003
Cement kilns HQ =10 HQ =10
Lightweight aggregate kilns HQ =0 HQ =0

Proposed BTF

- New Sources

Incinerators HQ =10 HQ = 0.001
Cement kilns HQ =10 HQ =10
Lightweight aggregate kilns HQ =0 HQ =0

CEM Compliance O

ption - New Sources

Incinerators HQ =10 HQ = 0.002
Cement kilns HQ =10 HQ = 0.001
Lightweight aggregate kilns HQ =0 HQ = 0.001

NOTE: HQ = 0 indicates a hazard quotient less than 0.001.

Page

40




I. Executive Summary

Table 1.8 Individual Ingestion Risk Estimates over
All Special Subpopulation Scenarios -
Metals Without Regulatory Options

Facility Type Central Tendency High End
Low High Low High
Baseline

Barium

Incinerators HQ =0 HQ =0 HQ =0 HQ =0

Cement kilns HQ =0 HQ =0 HQ =0 HQ = 0.003
h Lightweight aggregate kilns HQ =0 HQ =0 HQ =0 HQ =0
2 Nickel
Ll Incinerators HQ =0 HQ =0 HQ =0 HQ = 0.002
z Cement kilns HQ =0 HQ =0 HQ =0 HQ =0
: Lightweight aggregate kilns HQ =0 HQ =0 HQ =0 HQ =0
u Selenium
o Incinerators HQ =0 HQ =0 HQ =0 HQ = 0.003
a Cement kilns HQ =0 HQ =0 HQ =0 HQ = 0.004

Lightweight aggregate kilns HQ =0 HQ =0 HQ =0 HQ =0
m Silver
> Incinerators HQ =0 HQ = 0.001 HQ =0 HQ = 0.005
- Cement kilns HQ =0 HQ =0 HQ =0 HQ = 0.002
: Lightweight aggregate kilns HQ =0 HQ =0 HQ =0 HQ = 0.001
U Thallium
“ Incinerators HQ =0 HQ = 0.02 HQ =0 HQ = 0.1
< Cement kilns HQ =0 HQ = 0.01 HQ =0 HQ = 0.1
{ Lightweight aggregate kilns HQ =0 HQ = 0.001 HQ =0 HQ = 0.002
n NOTE: HQ = 0 indicates a hazard quotient less than 0.001.
L
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I. Executive Summary

Table 1.9 Soil

Lead Ratios

Modeled Soil Lead Concentrations Divided by 400 ppm

Facility Type Central Tendency High End
Low High Low High
Baseline
Incinerators 0.000006 0.0006 0.0002 0.01
Cement kilns 0.00001 0.006 0.0001 0.06
Lightweight aggregate kilns 0.000001 0.00008 0.00004 0.006

Proposed Floor -

Existing Sources

Incinerators 0.000008 0.0008
Cement kilns 0.000003 0.002
Lightweight aggregate kilns 0.0000004 0.00004

Proposed Floor

- New Sources

Incinerators 0.000008 0.0008
Cement kilns 0.000003 0.002
Lightweight aggregate kilns 0.0000002 0.00002

Proposed BTF

- New Sources

Incinerators 0.000002 0.0002
Cement kilns 0.000003 0.002
Lightweight aggregate kilns 0.000002 0.0002
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I. Executive Summary

Table 1.10 Hydrochloric Acid Inhalation Individual Risks Estimate

for the Maximally Exposed Individual

Facility Type Central Tendency High End
Low High Low High
Baseline
Incinerators HQ = 0.001 HQ = 0.003 HQ = 0.01 HQ = 0.05
Cement kilns HQ =0 HQ = 0.004 HQ = 0.004 HQ = 0.04
Lightweight aggregate kilns HQ =0.1 HQ = 0.2 HQ =2 HQ =14

Proposed Floor -

Existing Sources

Incinerators HQ = 0.02 HQ = 0.05
Cement kilns HQ = 0.01 HQ = 0.1
Lightweight aggregate kilns HQ = 0.8 HQ =1

Proposed BTF -

Existing Sources

Incinerators HQ = 0.02 HQ = 0.05
Cement kilns HQ = 0.01 HQ = 0.1
Lightweight aggregate kilns HQ =0.1 HQ =0.2

Proposed Floor - New Sources

Incinerators HQ = 0.02 HQ = 0.05
Cement kilns HQ = 0.01 HQ = 0.1
Lightweight aggregate kilns HQ = 0.02 HQ = 0.04

Proposed BTF

- New Sources

Incinerators HQ = 0.004 HQ = 0.01
Cement kilns HQ = 0.001 HQ = 0.01
Lightweight aggregate kilns HQ = 0.01 HQ = 0.02

NOTE: HQ = 0 indicates a hazard quotient less than 0.001.
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Table 1.11 Inhalation Individual Risk Estimates for the
Maximally Exposed Individual - Metals With Regulatory Options

Facility Type Central Tendency High End
Low High Low High
ARSENIC
Baseline
Incinerators 4E-9 2E-8 2E-7 6E-7
Cement kilns 6E-10 7E-9 1E-8 1E-7
Lightweight aggregate kilns 9E-9 2E-8 2E-7 4E-7

Proposed Floor - Existing Sources

Incinerators 9E-8 4E-7 4E-7 1E-6
Cement kilns 1E-8 2E-7 4E-8 4E-7
Lightweight aggregate kilns 8E-7 2E-6 2E-6 5E-6

Proposed Floor - New Sources

Incinerators 9E-8 4E-7 4E-7 1E-6
Cement kilns 5E-9 6E-8 1E-8 1E-7
Lightweight aggregate kilns 1E-7 3E-7 4E-7 7E-7

Proposed BTF - New Sources

Incinerators 3E-8 1E-7 1E-7 4E-7
Cement kilns 5E-9 6E-8 1E-8 1E-7
Lightweight aggregate kilns 1E-7 3E-7 4E-7 7E-7
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Table 1.11 (continued)

Facility Type Central Tendency High End
Low High Low High
BERYLLIUM
Baseline
Incinerators 2E-10 7E-10 7E-9 3E-8
Cement kilns 5E-11 5E-10 1E-9 1E-8
Lightweight aggregate kilns 9E-10 1E-9 1E-8 2E-8

Proposed Floor - Existing Sources

Incinerators 5E-8 2E-7 2E-7 TE-7
Cement kilns 9E-9 9E-8 3E-8 3E-7
Lightweight aggregate kilns 5E-7 5E-7 1E-6 2E-6

Proposed Floor - New Sources

Incinerators 5E-8 2E-7 2E-7 TE-7
Cement kilns 3E-9 3E-8 1E-8 1E-7
Lightweight aggregate kilns 7E-8 8E-8 2E-7 3E-7

Proposed BTF - New Sources

Incinerators 2E-8 6E-8 5E-8 2E-7
Cement kilns 3E-9 3E-8 1E-8 1E-7
Lightweight aggregate kilns 7E-8 8E-8 2E-7 3E-7
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Table 1.11 (continued)

Facility Type Central Tendency High End
Low High Low High
CADMIUM
Baseline
Incinerators 4E-9 1E-8 2E-7 7E-7
Cement kilns 1E-9 1E-8 4E-8 4E-7
Lightweight aggregate kilns 1E-8 2E-8 3E-7 5E-7

Proposed Floor - Existing Sources

Incinerators 5E-8 1E-7 2E-7 5E-7
Cement kilns 3E-9 3E-8 1E-8 1E-7
Lightweight aggregate kilns 1E-8 2E-8 4E-8 6E-8

Proposed Floor - New Sources

Incinerators 5E-8 1E-7 2E-7 5E-7
Cement kilns 3E-9 3E-8 1E-8 1E-7
Lightweight aggregate kilns 6E-9 1E-8 2E-8 3E-8

Proposed BTF - New Sources

Incinerators 1E-8 3E-8 4E-8 2E-7
Cement kilns 3E-9 3E-8 1E-8 1E-7
Lightweight aggregate kilns 5E-8 1E-7 2E-7 3E-7

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Page 46




-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Executive Summary

Table 1.11 (continued)

Facility Type Central Tendency High End
Low High Low High
CHROMIUM VI
Baseline
Incinerators 7E-9 3E-8 4E-7 2E-6
Cement kilns 1E-9 1E-8 3E-8 3E-7
Lightweight aggregate kilns 1E-8 2E-8 2E-7 4E-7
Proposed Floor - Existing Sources
Incinerators 3E-7 1E-6 8E-7 4E-6
Cement kilns 4E-8 4E-7 2E-7 2E-6
Lightweight aggregate kilns 2E-6 4E-6 7E-6 1E-5
Proposed Floor - New Sources
Incinerators 3E-7 1E-6 8E-7 4E-6
Cement kilns 2E-8 2E-7 6E-8 6E-7
Lightweight aggregate kilns 3E-7 6E-7 1E-6 2E-6
Proposed BTF - New Sources
Incinerators 8E-8 3E-7 3E-7 1E-6
Cement kilns 2E-8 2E-7 6E-8 6E-7
Lightweight aggregate kilns 3E-7 5E-7 1E-6 2E-6
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Table 1.12 Inhalation Individual Risk Estimates
for the Maximally Exposed Individual - Metals without Regulatory Options

Facility Type Central Tendency High End

Low High Low High

Nickel - Baseline

Incinerators 2E-9 5E-9 5E-8 2E-7
Cement kilns 2E-10 2E-9 3E-9 3E-8
Lightweight aggregate kilns 8E-9 1E-8 2E-7 3E-7

Barium - Baseline

Incinerators HQ =0 HQ =0 HQ = 0.001 HQ = 0.003
Cement kilns HQ =10 HQ = 0.001 HQ = 0.001 HQ = 0.006
Lightweight aggregate kilns HQ =0 HQ =0 HQ = 0.001 HQ = 0.002

NOTE: HQ = 0 indicates a hazard quotient less than 0.001.

2. Ecological Risks

For the baseline emissions, with the exception of 2,3,7,8-TCDD-TEQ, all constituents
were present in the water column at concentrations significantly below the NAWQC. The
NAWQC for 2,3,7,8-TCDD-TEQ is based on the bioaccumulation potential of the chemicals and
was developed for the Great Lakes Water Quality Initiative (U.S. EPA, 1995a). Since the criteria
are based on reproductive effects, some effect on wildlife populations may occur if the criteria
are exceeded.

As shown in Table 1.13, both the baseline and the proposed floor hazard quotients for
2,3,7,8-TCDD-TEQ for both incinerators and cement kilns exceed 1.

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Page 48




I. Executive Summary

Table 1.13 Ratios of Total Water Column Concentrations for the Various
MACT Options for Dioxins

Facility Type Central Tendency High End
Low High Low High
Baseline
Incinerators 0.008 0.4 0.2 10
Cement kilns 0.1 9 1 100
Lightweight aggregate kilns 0.003 0.2 0.003 0.2

Proposed Floor - Existing and New Sources

Incinerators 0.008 0.4 0.1 7
Cement kilns 0.05 4 0.2 20
Lightweight aggregate kilns 0.02 0.8

Proposed Beyond the Floor - Existing and New Sources

Incinerators 0.008 0.4

Cement kilns 0.05 4

Lightweight aggregate kilns 0.02 0.8
D. Key Assumptions and Uncertainties

In order to conduct the complex modeling analysis used in this risk assessment, a large
number of assumptions were made regarding the scenarios to be modeled as well as the specific
parameter values used in the models. The key assumptions that lead to the greatest uncertainties
in the results are summarized below.

1. Emissions, Dispersion, Deposition, and Land Use
The major assumptions that affect the results of the dispersion and deposition models are
the emissions rates and meteorologic conditions. For dioxins and furans, the analysis is also

sensitive to the emission of the specific 2,3,7,8- substituted congener in the emissions.

Constituent emissions were calculated by multiplying each facility’s average gas flow rate
by the 50th percentile concentration from all facilities in that category for which data were
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I. Executive Summary

available (for a central tendency individual risk estimate) and by the 90th percentile concentration
(for a high-end individual risk estimate). The emissions data used to derive the 50th and 90th
percentile concentrations are presented in the engineering background document (U.S. EPA,
1995f).

Because concentration data on each constituent were not available for all facilities, the
available data were assumed to be representative of all facilities. It is not known how valid that
assumption is or in what direction (if any) a bias may exist. In addition, most of the data were
from trial burn tests, where the facility is establishing its operating envelope. Because a facility
is likely to try and establish as broad an operating envelope as possible, trial burn data may
overestimate emissions under normal operating conditions. The magnitude of this potential
overestimation is not known.

Air dispersion and deposition modeling was conducted using models that are not fully
developed. For example, dry deposition of vapor phase materials is not treated in the model,
instead, estimates of vapor dry deposition are made external to the model. Adequate experimental
data are not yet available to verify the chemical-specific deposition rates modeled. Also, long-
range transport into and out of the areas examined was not modeled.

Detailed information on meteorologic conditions and land-use patterns was collected for
each of the 11 case study areas. The attempt was made to identify waterbodies that are actually
used for recreational fishing. High-end and central tendency individual risk estimates were then
calculated for each waterbody for the baseline by varying the emissions. These individual risk
estimates were then assumed to be representative across each of the facility categories. Because
the number of case studies for each category is relatively small compared to the total number of
facilities in each category (4/162 incinerators, 5/26 cement kilns, and 2/7 lightweight aggregate
kilns), it is likely that the results do not cover the range of possible individual risks across all of
the facilities.

Also, although the facilities selected were representative with respect to the range in size
and geographic location, their selection was influenced by availability of appropriate meteorologic
data; therefore, the 11 facilities cannot be considered statistically representative of all hazardous
waste combustion units. Furthermore, small on-site incinerators are not represented by the case
studies. Therefore, it is expected that the individual risk estimates overstate the risk for these
types of facilities, but the extent of overestimation is unknown.

2. Environmental Fate, Transport, and Individual Exposure
With a few exceptions, the parameters that are specific to dioxins were taken from the

draft EPA Dioxin Reassessment (U.S. EPA, 1994b and c). The exceptions include particle
scavenging coefficients, air-to-leaf bioconcentration factors, and dry deposition velocities as well
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I. Executive Summary

as bioconcentration factors for poultry and eggs. Because data on a number of these parameters
are extremely limited, some uncertainty is introduced in the analysis, the extent of which is
unknown.

Plant uptake, accumulation in soils, bioaccumulation in cattle, transport to surface waters
through erosion and runoff, partitioning in the waterbody, bioaccumulation in fish, and
consumption by recreational fishers were all evaluated using information from existing guidance
(U.S. EPA, 1993a). Although there can be considerable variability and uncertainty in the
parameters defining each of these processes, for this analysis, parameter values were selected that
were near the midpoint of the ranges of values available. The lack of validation of results from
combining the various fate and transport models together is acknowledged, and, in this case, the
direction in which the final results may be biased cannot be estimated.

The routes of exposure that showed the highest potential risk from dioxins were ingestion
of contaminated fish, ingestion of contaminated beef and dairy products from cattle grazing in
areas affected by deposition, and ingestion of contaminated poultry and eggs from chickens
exposed to contaminated soils. The highest risk route of exposure varied depending on land use
patterns and proximity of the facility to surface waters. An attempt was made to identify the
location of actual farms where subsistence type activities might be occurring; however, this could
not be confirmed.
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I1. Exposure Methodology

1. Exposure Methodology
A. Introduction and Overview

This section presents the exposure assessment methodology used in the risk analysis. For
this analysis, national contaminant emissions data were modeled using site-specific data from 11
representative combustion sources. The site-specific data included facility parameters,
meteorologic data, topography, and land-use data. The selected sources included four hazardous
waste incinerators, five cement kilns burning hazardous wastes, and two lightweight aggregate
kilns burning hazardous wastes. The model sources and their environmental settings are
identified as Cases A through K. A discussion of each case is included in Appendix A.

Indirect exposures to dioxins, furans, and metals were estimated for two types of
population groups - the general population and other subpopulations. The special subpopulations
included subsistence beef, dairy, pork, and poultry farmers; subsistence and recreational fishers;
and home gardeners. Indirect exposures to children of subsistence dairy farmers and home
gardeners were also modeled. The selected child scenarios were mod